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Introduction
The efficiency of software development teams is an important topic. In order to optimise efficiency, team success rates should be monitored and evaluated. Currently, the success rate of software project development teams is much lower than desired. These projects are often completed years behind schedule and exceed their budgets by millions of dollars, and, if completed, sometimes fail to meet their users' needs. A long-standing key question that has intrigued the minds of researchers concerns the problem in managing software projects efficiently while promoting team performance.
As software development is a labour-and knowledge-intensive task, teamwork in software projects has been long acknowledged as a crucial criterion for the successful design and deployment of software projects. In search of factors for successful team performance, researchers have examined the various personality characteristics of team members. Every software project will inevitably face the issue of team composition. Whether increasing diversity in team composition promotes successful teamwork and further leads a project towards fulfilment of its mission, vision and values is therefore of interest to researchers. 1 Organisational scholars considering the link between team diversity in a workgroup and the group's performance have generally concluded that the relationship is neither simple nor direct. In some studies, diverse groups outperformed homogeneous groups, while in others, homogeneous groups avoided the conflicts and communication problems that often beset diverse groups. 2 Because team diversity can affect project performance, our aim in this study was to develop an integrated model to determine a relation between team diversity and the efficiency of software development project teams. To do so, firstly, a tool is presented to measure the diversity in software development teams by Simpson's Diversity Index according to four different diversity factors. Secondly, four key performance indicators are defined to be used to measure the team efficiency through data envelopment analysis (DEA). Then correlation analysis is performed between the team efficiency and each of the diversity factors. As a case study, this integrated model is also applied to check the correlation between diversity and efficiency of teams for software development.
The main contributions of this study are threefold. Firstly, although Simpson's Diversity Index is used in many areas, as far as we know, this is the first attempt to measure team diversity using Simpson's Index. Techniques to measure team diversity are very limited, inadequate and ambiguous in the literature. Because Simpson's Index is easy to clarify, it can be applied to measure team diversity satisfactorily. Secondly, a new technique is proposed to measure team efficiency through DEA. As there are many inputs and outputs affecting the performance of teams, it is not easy to assess their efficiency. Hence DEA can measure the relative performance of organisational units for which the presence of multiple inputs and outputs makes comparisons difficult. 3 Thirdly, by performing a correlation analysis, the relation between team diversity and efficiency can be revealed. This relation is important for many software development teams to understand which diversity factor has the greatest effect on efficiency.
Literature review
The literature is reviewed according to diversity measurement and key performance indicators in two sub-sections.
Diversity measurement
Diversity can be defined as acknowledging, understanding, accepting and valuing differences among people with respect to age, class, race, ethnicity, gender, disabilities, etc. 4 Companies need to embrace diversity and look for ways to become inclusive organisations because diversity has the potential to yield greater work productivity and competitive advantages. 5 The world's increasing globalisation requires more interaction among people from diverse backgrounds. Everyone is part of a worldwide economy competing within a global framework. For this reason, profit and non-profit organisations need to become more diversified to remain competitive. 6 Maximising and capitalising on workplace diversity is an important issue for management.
Many different types of workplace diversity have been studied 7 , including age, gender, race and ethnicity, education, physical ability, culture, problem-solving ability, communication ability, motivation ability, listening ability and conflict resolution ability.
Having a diverse workforce provides many benefits such as increased adaptability, broader service range, a variety of viewpoints and more effective execution. 8, 9 On the other hand, more diversity also creates many challenges, such as lack of effective communication, lack of freedom of speech, increased cost of training, integration problems, increased competition and disrespect. 10 It is important to manage culturally diverse workforces with different perspectives. 11 In order to manage diversity, it should first be measured. Simpson's Diversity Index is one of the most commonly used indices to measure diversity, especially in ecology. 12 The Shannon Diversity Index has also been a popular diversity index in ecology, where it is also known as the Shannon-Weaver Index. 13 Moreover, McIntosh 14 developed a diversity index, which is independent of sample size and yields values which are a percentage of the maximum possible diversity for a sample of the same size. DeJong 15 analysed these three indices and compared them based on their richness and evenness components. Although there are various studies on diversity indices, the most commonly used one is Simpson's Index. 15 However, as stated by Pitts and Wise 16 , workforce diversity research suffers from inadequate data and insufficient attention to empirical connections between diversity and organisational performance. So in the next section, the literature is reviewed regarding key performance indicators with respect to diversity.
Key performance indicators
In order to evaluate the efficiencies of teams, their performance should be measured. Performance measurement is a fundamental principle of management. It is important because it identifies performance gaps between current and desired performance and provides an indication of progress towards closing the gaps. 17 Performance measurement focuses on results. It is a process of assessing the results of a company, project, or an individual to determine how effective the operations are and it is also used to detect performance gaps, shortfalls, and other problems. 18 Many leading organisations employ an enterprise-wide formal performance measurement system such as Goal-Driven Measurement, Balanced Scorecard, Six Sigma, Practical Software and Systems Measurement, and variations of Shewhart's Plan-Do CheckAct Paradigm. 19 Each of these approaches emphasises the need to take the following steps:
• Set clear and achievable performance goals or objectives.
• Define key performance indicators (KPIs) to characterise performance relative to the goals or objectives.
• Establish targets for each KPI.
• Collect the measurement data (i.e. results).
• Evaluate the data and use the results to make adjustments in order to achieve the targeted levels for each KPI. 18 Defining the KPIs is an important step. They help an organisation define and measure progress toward organisational goals. Once an organisation has analysed its mission, identified all its stakeholders, and defined its goals, it needs a way to measure progress toward those goals. Hence, KPIs can be used as tools to measure the success rate of this progress. 20 KPIs are goals or targets that measure how well an organisation is achieving its overall operational objectives or critical success factors for a particular project. 21 KPIs must be objectively defined in order to provide a quantifiable and measurable indication of the organisation's progress towards achieving its goals. 22 KPIs can change according to the organisation, mission and project. Despite hundreds of KPIs defined for software projects, there are some key measures that every organisation should collect and use as a basis to compare performance between projects. For software projects, the following KPIs are recommended: project effort, productivity, project duration, schedule predictability, requirements completion ratio and post-release defect density.
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Proposed model
An integrated model is proposed to measure the relation between team diversity and efficiency. This model includes four phases: diversity phase, key performance indicators phase, team efficiency phase, and correlation analysis phase, as shown in Figure 1 . The first phase is devoted to evaluate team diversity according to four factors. The second phase is determination of the four KPIs to measure the performance of teams. The third phase is measuring the team efficiency based on the four KPIs through DEA. The last phase is a correlation analysis to detect whether there is a meaningful relation between diversity and efficiency of teams.
Measuring team diversity
Although there are numerous diversity factors in a work place, the most commonly used diversity factors were selected: age, gender, experience and education.
Age diversity A workforce composed of different age demographics creates an environment in which each generation brings different skills and talents. For example, young professionals grew up in a high-tech world and have greater familiarity with business technology tools compared with their more mature counterparts, whereas more mature professionals often have exceptional interpersonal skills and perform well in environments in which traditional in-person communication is used. 23 Hence different age groups have different skills in terms of computer use and communication. Age diversity is an important factor to be studied in team efficiency.
Gender diversity
In the past, women in the workplace were automatically assigned to temporary, part-time or low responsibility jobs because it was thought that their first priority was taking care of their families. In addition, there was a widespread belief that women were not as capable as men, either physically or mentally or emotionally. Today, organisations are slowly adjusting to treating women and men equally. Discriminating against female employees (in terms of hiring and advancement) as well as treating them in a sexual manner (sexual harassment) are now against the law.
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It has been suggested that gender-diverse teams perform better than single-gender teams for several reasons:
• Men and women have different viewpoints, and different skills for problem solving.
• A gender-diverse workforce provides easier access to resources, and wider industry knowledge.
• A gender-diverse workforce allows the company to serve a diverse customer base.
• Gender diversity helps companies attract and retain talented women. 20 Gender diversity is an important factor which affects team efficiency and hence it should be measured.
http://www.sajs.co.za Experience diversity
The concept of experience diversity is similar to that of informational diversity proposed by Jehn and Bezrukova 25 . Informational diversity has been measured by differences in education and functional area in the firm, such as position in the firm, major and level of education, or tenure. 25 Hence, in this study, experience diversity is referred to as tenure in the software project teams.
Education diversity
Education diversity refers to differences among members on the basis of technical knowledge and perspectives brought to the group. For example, team members who have a bachelor's degree, master's degree or doctorate have different skills and different perspectives. Because these skills and perspectives can affect the team efficiency in different ways, education diversity should be evaluated to detect if it has an effect on team efficiency.
Simpson's Diversity Index
The Simpson Index was introduced in 1949 by Edward H. Simpson to measure the degree of concentration when individuals are classified into types. The same index was described again by Orris C. Herfindahl in 1950. The square root of the index had already been introduced in 1945 by the economist Albert O. Hirschman. As a result, the same measure is usually known as the Simpson Index in ecology, and as the Herfindahl Index or the Herfindahl-Hirschman Index in economics. As far as we know, it has not yet been used to measure diversity in teams, but is well suited to the concept of team diversity. Moreover, it is a reasonable and simple measure of diversity in teams, as shown in Equations 1 and 2 12 :
Diversity Index =1-
where n is the total number of members of a particular species and N is the the total number of members of all species. The result is between 0 and 1, where 0 represents no diversity and 1 indicates maximum diversity.
Measuring team key performance indicators
As there are many criteria to measure the project performance of teams, it is important to determine which factors to use. Firstly, total time spent on the project by all team members ('project effort') is an important indicator to measure team performance. Secondly, 'productivity', which can be calculated by dividing the total time spent on the project by the number of team members, is also crucial to detect average performance. The third factor is the 'requirements completion ratio'. This ratio mainly calculates what percentage of the requirements can be satisfied at the end of the project. The last factor is the 'post-release defect density'. This indicator mainly focuses on the number of defects detected after the launch of the project. The total number of defects is divided by the number of team members to calculate the defect density. Each of these indicators and their calculations are explained in the following sections.
Project effort
Project effort is the total time spent on the software project by all of the team members. This total time should be that spent on only projectrelated activities during the life cycle of the project. Project-related activities are events in the software process life cycle for which effort data are collected and reported.
Activities that do not specifically contribute to the development and delivery of the software products are excluded from the calculation of project effort. For example, time spent on company-wide meetings, conferences, information seminars, and professional development training is excluded. 18 The formulation of project effort is given in Equation 3:
where Working Hour i is the working hours spent on project-related activities for team member i and N is the total number of team members.
Productivity
Productivity can be simply expressed as output over input. For software project teams, outputs can vary (e.g. lines of code, function points, feature points, use cases, objects). 18 Also, the inputs can include many different factors such as labour hours, funds invested, etc. In this study, productivity can be calculated by
Requirements completion ratio
The requirements completion ratio measures the extent to which planned functional requirements were satisfied in the final product implementation. 18 It is calculated as in Equation 5: Requirements Completion Ratio = Satisfied Requirements *100%
Planned Requirements
Equation 5 where 'planned requirements' is the number of requirements that were originally planned at the beginning of the project and those that were added or modified through negotiation with the user, and 'satisfied requirements' is the number of functional requirements that were satisfied in the delivered software product.
Post-release defect density
Post-release defect density is the number of unique defects per unit size discovered during the first 6 months after initial deployment of the software. 18 It is calculated as in Equation 6:
Post-release Defect Density = Total Defects
Team Size Equation 6
Measuring team efficiency
As explained previously, there are four KPIs to be measured. These KPIs have different units. Also, efficiency should consider inputs as well as outputs because it signifies a level of performance that describes a process that uses the lowest amount of inputs to create the greatest amount of outputs. Efficiency relates to the use of all inputs in producing any given output, including personal time and energy. It is a measurable concept that can be determined by determining the ratio of useful output to total input. It minimises the waste of resources such as physical materials, energy and time, while successfully achieving the desired output. The usual measure of efficiency is shown in Equation 7:
However, this measure is often inadequate because of the existence of multiple inputs and outputs related to different resources, activities and environmental factors. Moreover, the units of these multiple outputs and inputs are generally different from each other. Therefore, it is not easy to calculate efficiency.
The DEA model allows relative efficiency measures as a result of multiple inputs and outputs. It is a linear programming based technique for measuring the relative performance of organisational units in which the presence of multiple inputs and outputs makes comparisons difficult. 3 It was originally developed by Charnes et al. 26 and Banker et al. 27 It has been widely used to measure performance in many areas. A key advantage of DEA is that it easily accommodates both multiple inputs and multiple outputs.
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A range of DEA models has been developed to measure efficiency and capacity in different ways. These models largely fall into the categories of input-oriented or output-oriented models. With input-oriented DEA, the linear programming model is configured so as to determine how much a firm could contract if inputs are used efficiently in order to achieve the same output level. Adenso-Diaz et al. 28 used an input-oriented DEA model to assess the performance of the teams in a company and to estimate the relative efficiency scores of the projects. In their study, the project efficiencies were calculated based on three inputs -namely cost, duration and difficulty -and one output, namely project revenue.
In contrast, with output-oriented DEA, the linear program is configured to determine a firm's potential output given its inputs if it operated as efficiently as firms along the best practice frontier. Nazari-Shirkouhi and Keramati 29 used an output-oriented DEA model for selecting the best fuzzy regression models among 16. In their study, these fuzzy regression models were considered to understand the relationship between customer satisfaction and new product design.
The following steps were followed in the DEA method:
• Determine the number of service units being compared in the DEA analysis.
• Determine the inputs and outputs.
• Evaluate the efficiency rating of the service units by DEA.
Based on this DEA analysis, team efficiency can be evaluated through input and output parameters. However, because of the structure of the problem, it is more appropriate to use an input-oriented approach as in Adenso-Diaz et al. 28 
Correlation between diversity and efficiency
The correlation coefficient is a statistical measure that indicates the extent to which two or more variables fluctuate together. A positive correlation indicates the extent to which those variables increase or decrease in parallel; a negative correlation indicates the extent to which one variable increases as the other decreases. 30 The correlation coefficient can vary from +1 to - where x and y are the variables for which the correlation is to be determined.
In this study, the correlations between team efficiency and four diversity factors were calculated separately to determine which had the greater relation with performance.
Case study
The proposed model was applied to measure the correlation between different diversity factors and team efficiency at a bank's credit application development department. This department is developing a new banking package for the banking credit system within the .Net environment. In this department there are numerous teams dealing with different software development projects. For reasons of confidentiality, the name of the bank cannot be given, but the data can be revealed. Firstly, four diversity indices for each factor were calculated for all teams. Secondly, the performance of each team was measured according to four KPIs. Thirdly, based on these four KPIs, team efficiencies were measured using DEA. Lastly, the correlations of each factor with efficiency were analysed.
Measuring diversity index
In order to measure the diversity indices for age, gender, experience and education, the following criteria were applied.
• Team members were classified by age into three groups: young (those less than or equal to 30 years old); middle (those between 31 and 40 years old); and old (those older than or equal to 41 years old).
• Gender classification was female or male.
• Experience was categorised into three groups: working for less than 5 years; working for between 5 and 8 years; and working for more than 9 years. These years reflect the durations determined by the bank's Human Resources Department for promotions.
• Education was classified by bachelor's degree; master's degree; and doctorate.
According to the diversity index formula given in Equation 2, diversity indices of each factor for each team were calculated and are given in Table 1 . Measuring key performance indicators After calculating the diversity indices of each factor for each team, team performances were measured using the four KPIs: project effort, productivity, requirements completion ratio, and post-release defect density. For the sake of comparisons between teams, some assumptions were needed to sustain the uniformity and standardisation. The project period was assumed to be 180 days for each team. Starting and finishing dates of each project were assumed to be the same.
Project effort is the total time spent on the project by all team members. So, the average daily working hours of each team member on projectrelated activities is multiplied by 180 days to determine the total working hours spent on the project. Lastly, the summation of project efforts of all team members gives the total project effort. For example, total project effort for Team 1 is calculated as 10 006.40 hours and shown in Table 2 .
By similar calculations, the total project efforts of all teams are given in Table 3 .
Productivity is the ratio of total project effort over the number of team members. This ratio gives the average working hours for each worker for project-specific activities. For example, Team 1 is composed of nine members and has a project effort of 10 006.40 working hours. So the productivity of Team 1 is calculated as 1111.8222. When this figure is divided by the number of days, average daily productivity can be determined; 6.18 in this example, as shown in Table 4 .
The requirements completion ratio can be calculated by dividing the satisfied requirements over planned requirements. A high ratio reflects good customer satisfaction. For each of the project teams, the number of planned and satisfied requirements are recorded and given in Table 5. http://www.sajs.co.za
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March/April 2018 Post-release defect density can be calculated by dividing the total number of defects detected within 6 months after launching the project by the number of team members. The defect density of each team member is shown in Table 6 . For example, for Team 1, the total number of defects after release was 5041. Team 1 has nine members, therefore the postrelease defect density is 560.11. Divided by 180 days, the average daily defect for each member of Team 1 is 3.11.
A comparison of the four KPIs of each of the five teams is given in Table 7 . 
Measuring efficiency of teams
In order to calculate the efficiency of each team using DEA, the daily available time of each team should be found. Although each team member can work 8 hours a day, they also have to deal with post-release defects. As 15 minutes is the accepted time spent for each defect in the bank in general, the time spent on post-release defects was assumed to be 15 minutes for each defect.
The calculated time spent for defects (in minutes) was converted into hours to compare daily work time (8 hours) and the time spent on defects. For example, for Team 1, the average daily defect for each member was 3.11 ( Table 8 . In order to calculate the efficiency of each team by DEA, the service units being compared in the DEA analysis were determined as well as the input and output parameters (Table 9 ). MaxDEA 7 Basic x64 software was used to perform the DEA to evaluate the efficiency rating of all the teams by input-oriented choice; the results are shown in Table 10 . These efficiency ratings were used to calculate correlations between efficiency and the various diversity indices. 
Correlation between team diversity and team efficiency
The efficiency ratings for each team and the diversity indices of each factor for each team are summarised in Table 11 . Correlation analyses were performed for each diversity factor against team efficiency to determine the correlation coefficients.
All diversity factors show a positive correlation with team efficiency. However, education diversity shows the highest correlation with efficiency. Therefore, in forming software development project teams, it is better to select employees with different educational backgrounds. In addition, gender diversity and experience diversity show a medium effect on team efficiency. Age diversity had the lowest effect on team efficiency. 
Conclusion
This study focused on the relation between efficiency and diversity of software development project teams. Based on four diversity factors (age, gender, experience and education), a methodology was proposed to measure the diversity index using Simpson's formula. Four KPIs (project effort, productivity, requirements completion ratio and postrelease defect density) were used to measure efficiency by DEA. Lastly, correlation analyses were performed to detect the relations between each diversity factor and efficiency, using five software development project teams at a bank's Credits Application Development Department as a case study. Based on the result of this real-life application, we conclude that the more diverse teams -with respect to the four selected factors -were more efficient, and thus more successful, in their software development projects. Although there are other methods, using Simpson's Index to calculate the diversity index of teams is a novel approach in this research area. In addition, using DEA to measure the efficiency of teams was a new application.
This study could be improved by adding other kinds of diversity to the methodology. For example, the ability to motivate other people and the ability to communicate are also important characteristics in a team and their diversities can affect team efficiency. This methodology should also be applied to other types of teams to strengthen the results applicable to software development teams. If the findings in this study are also valid for other teams, then the results can be generalised.
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